An early diastolic sound in a patient with apical left ventricular disease is reported. Pulsed Doppler echocardiography showed blood flow within the left ventricular cavity during the isovolumic relaxation period whose peak flow velocity was synchronous with the onset of this diastolic sound. Because it occurred before flling started it could not have been either a third or fourth heart sound. It must thus represent a distinct and apparently unrecognised class of diastolic sound.
The third and fourth heart sounds have always been related to blood flow across the atrioventricular valves. When relaxation is asynchronous, however, blood flow can also occur within the ventricle during the isovolumic period. The associated changes in blood flow velocity may be rapid, raising the possibility that enough energy may be dissipated to generate a sound at a time when the atrioventricular valves are closed. We report such a case where flow during isovolumic relaxation period was associated with an added heart sound.
Case report A 68 year old woman with aortic stenosis and three vessel coronary artery disease underwent aortic valve replacement and coronary bypass grafting. Postoperatively a left pleural, which had effusion developed and she remained unwell. Cardiomegaly was noted and diastolic added sounds were heard. It was believed that she might have suffered a perioperative infarction, which had impaired left ventricular function.
Two diastolic added sounds were confirmed by phonocardiography, one starting 90 ms and the other 190 ms after aortic closure (A2) ( fig 1A) . Cross sectional echocardiography showed apical wall motion abnormality with moderate impairment of basal left ventricular function. Pulsed Doppler, recorded at the chordal level with the transducer at the apex, showed a summation mitral filling pattern: a single flow velocity pulse occurring in early diastole soon after the second heart sound but also after the P wave on the electrocardiogram. This pulse was preceded by striking flow away from the apex during isovolumic relaxation lasting 150 ms and reaching a peak velocity of 0 75 m/s. The timing of its peak velocity was synchronous with the onset of the first diastolic sound (X, fig 1B) . That of the hypertrophy.' Because blood is incompressible, this flow is the natural consequence of a change in left ventricular cavity shape during a period of constant ventricular volume. We have previously analysed such changes in detail as they occur in patients with coronary heart disease. 4 The change itself is caused by asynchronous relaxation, the onset of outward wall motion being characteristically delayed in segments of the myocardium supplied by diseased coronary arteries. These findings can be directly applied in the present case. The patient had apical disease, where the onsets of tension rise and fall are likely to have been delayed, and thus asynchronous with those at the base of the heart. Such differences in wall tension are the direct cause of the abnormal blood flow we observed, initially from base to apex during isovolumic contraction and reversing during isovolumic relaxation.
The onset of the added heart sound in this patient corresponded with the peak of the flow transient within the ventricle, when there was a sudden change from acceleration towards base to acceleration towards the apex. The added sound thus bore the same time relation to the changing blood flow as the classic third heart sound does to changing blood flow velocities during rapid filling.' It differed from a third heart sound in that it occurred before mitral valve opening, and so could not have been in any way related to rapid ventricular filling. In addition, the patient had a second added sound later in diastole whose onset corresponded with the peak right and left ventricular filling velocities. Because both mitral and tricuspid flow were summation waves this second diastolic sound was a summation rather than a fourth heart sound. Finally, aortic and pulmonary closure were effectively synchronous, which excludes delayed P2 as a possible mechanism. We conclude, therefore, that in this patient the sudden reversal in the direction of blood flow within the ventricular cavity during isovolumic relaxation was the cause of the added sound in our patient.
Asynchronous relaxation and the resulting blood flow within the left ventricular cavity is common in normal hearts as well as in left ventricular hypertrophy and coronary artery disease. A possible associated heart sound, however, has received little attention. In part this may reflect the lamentable disuse into which the valuable art of phonocardiography has fallen. An additional cause is that the timing of the intraventricular blood flow was very abnormal in our patient because isovolumic relaxation itself was prolonged. It is much more common for peak isovolumic velocities to coincide with mitral or aortic valve closure, so that any vibrations they might generate are superimposed on the normal first or second, making a possible additional contribution difficult to document.
Our observation of a loud sound during isovolumic relaxation emphasises that it may be necessary to modify current nomenclature. Rather than calling any low pitched early diastolic sound a "third", we suggest the term should be applied only to vibrations occurring during the rapid filling phase of one or other ventricle and "fourth" to those associated with atrial systole. The sound we have described is not covered by either of these terms, and may be better called a "left ventricular isovolumic relaxation sound". Even this more complex term may prove unsatisfactory because the flow velocity associated with it was in the reverse direction to that more commonly seen during isovolumic relaxation.' Nevertheless, its association with a flow reversal within the ventricle provides further evidence that sudden changes in blood velocity are a general mechanism by which diastolic sounds can be produced.
It is thus clear that not all early diastolic sounds, even in patients with obvious left ventricular disease, are third heart sounds. This conclusion may be important when attempts are made to elucidate the pathological importance of such sounds. Third heart sounds should thus be clearly documented as such, particularly when their supposed presence is used to diagnose "heart failure" or made an indication for drug administration.5 Finally, it is increasingly being recognised that disturbed diastolic function is clinically important in patients with heart disease; our observations show that interrelations between heart sounds and blood flow may provide useful information and may extend simple clinical approaches to this important area of cardiology.
